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Relation of basal coronary tone and vasospastic
activity in patients with variant angina

Yukio Ozaki, David Keane, Patrick W Serruys

Abstract
Objective-To examine the vasoconstric-
tor response to ergonovine and the
vasodilator response to isosorbide dini-
trate in spastic and non-spastic coronary
segments from 31 patients undergoing
serial angiographic follow up of variant
angina.
Methods-Coronary angiograms and
ergonovine provocation tests were
repeated at an interval of 45 (SD 15)
months apart. While all 31 patients
showed a positive response to ergonovine
initially, vasospastic responsiveness per-
sisted in only 16 patients at follow up
(group 1) and not in the other 15 patients
in whom symptoms of variant angina had
resolved (group 2). Mean luminal diame-
ter of 170 normal or near normal entire
coronary segments (American Heart
Association classification) were measured
(a) at baseline, (b) after the administra-
tion of ergonovine, and (c) after the
administration of isosorbide dinitrate,
during both the initial and follow up
angiograms using a computer based
quantitative angiography analysis system
(CAAS II).
Results-In vasospastic patients (initial
and follow up angiograms in group 1, and
initial angiogram in group 2), basal tone
was significantly higher in spastic seg-
ments compared to adjacent segments or
segments in non-spastic vessels. The
diagnostic sensitivity and specificity at
20% increase in basal coronary tone for
the prediction ofvasospasm were 77% and
73%, respectively.
Conclusions-Coronary artery tone may
change in proportion to the activity of
variant angina over several years.
Contrary to some previous reports, the
estimation of basal coronary tone may be
useful in the assessment of vasospastic
activity in patients with variant angina.

(Heart 1996;75:267-273)
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Coronary vasospasticity plays an integral role
in the genesis of variant angina, some types of
acute myocardial infarction, and restenosis
after balloon angioplasty.1-9 The proposed

mechanism of vasospasm includes hypersensi-
tivity to endothelium derived factors, platelet
derived vasoactive substances, and autonomic
nervous tone.'0-'3 Basal coronary tone is felt to
be related to the regulation of vascular smooth
muscle tension by local endothelium derived
factors, humoral factors, and parasympathetic
nervous tone. 14-16 Thus similar factors may
play a role in both vasospasm and the media-
tion of basal coronary tone. Despite the com-
mon mediators, previous clinical studies
attempting to determine whether basal coro-
nary tone is increased in patients with
vasospastic angina have yielded conflicting evi-
dence'7-22 and the chronological interaction of
basal coronary tone and vasospastic activity
over several years is unknown.
To examine the role of coronary tone, its

chronological changes, and its relation to
vasospastic anginal attacks, we compared basal
coronary tone and vasospastic activity during
both initial and follow up angiographic studies
in 31 patients. We measured changes in mean
luminal diameter of each entire spastic seg-
ment, segments adjacent to the spastic seg-
ment, and segments in non-spastic vessels at
baseline, after administration of ergonovine
and after administration of isosorbide dini-
trate, using computer based quantitative coro-
nary angiography.

Methods
PATIENT SELECTION
Thirty one patients who met the following cri-
teria of variant angina were included in the
study: (1) chest pain at rest associated with ST
segment changes of more than 0-2 mV on
ECG; (2) pain relief immediately following the
administration of glyceryl trinitrate; (3) no
subsequent evidence of myocardial infarction;
and (4) ergonovine provoked coronary spasm
associated with chest pain and ischaemic ECG
changes. Coronary spasm was defined as a
transient total or nearly total occlusion
reversible with isosorbide dinitrate, or as a
transient but significant (> 50%) narrowing
reversible with isosorbide dinitrate in normal
or nearly normal segments.82324
The disease activity of vasospastic angina

was assessed by anginal symptoms, 12-lead
ECG during symptoms, and ambulatory in-
hospital electrocardiographic monitoring, or
Holter monitoring out of hospital. Of the 31
patients who had symptoms of variant angina
at the time of the initial angiographic study, 16
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had persistent symptoms of vasospastic angina
with ischaemic electrocardiographic changes
during the follow up period, and vasospasm
was reproduced at the same coronary site at
the follow up angiogram (group 1), while in 15
patients symptoms of variant angina had
resolved completely and neither ischaemic ST
segment changes nor positive response to
ergonovine was demonstrated during follow
up (group 2).

Table 1 shows the clinical and electrocar-
diographic characteristics of the two groups.
There were no significant differences in age,
gender, duration of follow up, coronary risk
factors, or location of ischaemic ST segment
changes on ECG. One patient of each group
with ST elevation in both anterior and inferior
leads had spasm in the right coronary and left
anterior descending coronary arteries.

It has been reported that the response to an
ergonovine provocation test is of value in the
prediction of spontaneous activity of vasospas-
tic angina.2526 We therefore performed follow
up angiography and ergonovine provocation
testing when progression of coronary athero-
sclerosis was suspected, frequency of anginal
attacks increased, or vasospastic activity was
thought to have resolved, and it may no longer
have been necessary to continue long term
drug treatment. In patients who had a negative
response to ergonovine at the follow up test
(group 2) the treatment dose was tapered or
discontinued after the follow up angiogram. At
angiographic follow up, coronary spasm was
observed at the same coronary arterial site in
group 1, while no spasm was reproduced at
follow up in group 2.

STUDY PROTOCOL
The study was approved by the hospital's
ethics committee and informed written con-
sent was obtained from each patient before
examination. All patients were admitted to the
coronary care unit before the study.
Sublingual glyceryl trinitrate was given as
required, but calcium antagonists and oral
nitrates were gradually tapered, and calcium
antagonists were discontinued for 36 h and
oral nitrate was discontinued for 24 h before
the study. Coronary angiography was per-
formed in the morning (from 8:30 to 11:00
am) by the Sones technique at Anjo Kosei
Hospital in Japan.

After baseline angiograms suitable for quan-
titative analysis of the right and left coronary
arteries had been obtained, 0-2 mg ergonovine

Table 1 Baseline characteristics of31 patients with vasospastic angina in groups 1 and 2

Group I Group 2 p value

Number of patients 16 15
Age, years (SD) 55 (8) 55 (12) NS
Male/female 15/1 14/1 NS
Follow up period, months (SD) 45 (15) 45 (18) NS
Coronary risk factors (No of patients)

Hypertension 2 3 NS
Hypercholesterolaemia 1 1 NS
Diabetes 1 1 NS
Smoking 15 13 NS

Site ofST elevation
Anterior 3 6 NS
Inferior 12 8 NS
Both 1 1 NS

maleate was given intravenously by a rapid
bolus injection. Radiographic projections were
identical during the sequential angiographic
studies. Heart rate and aortic pressure were
monitored continuously, and 12-lead ECGs
were recorded at 30 s intervals. Whenever
chest pain or significant ST segment changes
were observed, selective coronary angiograms
were immediately performed. In patients of
group 2 at follow up, unresponsiveness to
ergonovine was confirmed by the administra-
tion of a further rapid bolus of up to 0 4 mg
ergonovine. In group 1 at both tests and group
2 at the initial test, all coronary spasms were
observed after the first administrated dose of
ergonovine (0-2 mg).

Coronary vasospasm was relieved by isosor-
bide dinitrate, given as one or two intracoro-
nary boluses to a total of 5 mg. To exclude the
possibility of persistent spasm, we gave a dose
(5 mg) of intracoronary isosorbide dinitrate
which was greater than the dose previously
shown to achieve maximum coronary vaso-
dilatation in patients with vasospastic angina
(3 mg).27 28
The follow up angiography and provocation

tests were performed in the same angiographic
projection as the initial angiogram after view-
ing the initial angiographic records and cine-
film. The response to ergonovine and
isosorbide dinitrate and the severity of fixed
stenosis after the administration of isosorbide
dinitrate were quantified in matched views
between the initial and follow up angiograms
using a quantitative angiographic analysis sys-
tem.

QUANTITATIVE CORONARY ANGIOGRAPHIC
ANALYSIS
The new version of the computer based
Coronary Angiography Analysis System
(CAAS II)29 was used to perform the quantita-
tive analysis in a core angiographic laboratory
(Cardialysis, Rotterdam, The Netherlands). In
the CAAS analysis, which has been described
elsewhere previously,29-33 the entire cineframe
of size 18 x 24 mm is digitised at a resolution
of 1329 x 1772 pixels. Correction for pin-
cushion distortion is performed before analy-
sis. Boundaries of a selected coronary segment
are detected automatically. The absolute
diameter of the stenosis (in mm) is determined
using the guiding catheter as a scaling device.
To standardise the method of analysis of the
initial and follow up angiograms, the following
measures were taken34: all study frames
selected for analysis were end diastolic to min-
imise motion artefact; and arterial segments
were measured between the same identifiable
branch points at baseline, after the administra-
tion of ergonovine, and after the administra-
tion of isosorbide dinitrate. Changes in the
mean luminal diameter of each entire coronary
segment as well as the minimum luminal
diameter of each analysed coronary segment
were studied.

ANALYSED SEGMENTS
In group 1, the 16 spastic segments studied
were located in the right coronary artery
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(RCA) in eight patients, left anterior descend-
ing coronary artery (LAD) in two patients,
and left circumflex coronary artery (LCX) in
six patients. In group 2, the 16 spastic seg-

ments were located in the RCA in eight
patients, the LAD in six patients, and the
LCX in two patients. The three major coro-
nary arteries were divided according to the
classification of the American Heart
Association (AHA) committee report.35 The
proximal and distal segments of each coronary

artery were analysed. The proximal segment of
the RCA was taken as AHA segments 1 and 2,
the distal segment of the RCA was AHA seg-

ment 3, the proximal segment of the LAD was

AHA segment 6, the distal segment was AHA
segment 7, the proximal segment of the LCX
was AHA segment 11, and the distal segment
was AHA segment 13.

For the purpose of this study only angio-
graphically normal or nearly normal segments
were selected. Of a total of 93 major coronary
arteries in both groups, four vessels in each
group with a significant stenosis (> 50% diam-
eter stenosis) were excluded from analysis.2'
Sixteen spastic AHA segments, 16 AHA seg-
ments adjacent to spastic segments (adjacent
segment), and 56 segments in non-spastic ves-

sels were estimated in group 1; 16 spastic
AHA segments, 16 segments adjacent to spas-

tic segments, and 50 segments in non-spastic
vessels were assessed in group 2.

ESTIMATION OF BASAL CORONARY TONE AND
VASOCONSTRICTION
Basal coronary tone and vasoconstriction were

determined from the change in the mean lumi-
nal diameter of each entire AHA coronary seg-
ment at baseline, after the administration of
ergonovine, and after the administration of
isosorbide dinitrate. To express the degree of
basal coronary artery tone and the degree of
vasoconstriction,'7 1921 the per cent dilatation
after administration of isosorbide dinitrate and
per cent vasoconstriction after administration
of ergonovine were used as follows:

Basal coronary tone (dilatation after isosor-
bide dinitrate) (%) =

(Mean luminal diameter after isosorbide dinitrate -

baseline mean luminal diameter) x 100

Baseline mean luminal diameter

Constriction after ergonovine (%) =

(Baseline mean luminal diameter - mean luminal
diameter after ergonovine) x 100

Baseline mean luminal diameter

DIAGNOSTIC PREDICTIVE VALUES OF
BASAL TONE FOR VASOSPASM IN CORONARY
ARTERY
The diagnostic sensitivity and specificity were
defined as follows22:

Diagnostic sensitivity (%) =

True positive x 100

True positive + false negative

Diagnostic specificity (%) =

True negative x 100

True negative + false positive

While the true positive value indicates the
number of spastic segments in spastic vessel
which show basal coronary tone above a value
of coronary tone, the false negative value indi-
cates the number of spastic segments in spastic
vessel which show basal coronary tone below
the same value. While the true negative value
indicates the number of non-spastic segments
in non-spastic vessel which show basal coro-

nary tone below a value of coronary tone, the
false positive value indicates the number of
non-spastic segments in non-spastic vessel
which show basal coronary tone above the
same value.

STATISTICAL ANALYSIS
All values are expressed as mean (SEM). The
paired Student t test was used to compare the
chronological changes at the same segment i

the same patients. The unpaired Student t test
was used to compare different segments or dif-
ferent patient groups. Differences between
proportions were analysed by the x2 test with
correction. A P value of less than 0-05 was

considered significant.

Results
RESPONSE TO ERGONOVINE AT THE SPASTIC
SITE

Coronary spasm was observed at the same site
in group 1, while no spasm was reproduced at
follow up in group 2. In group 1, the absolute
reduction in the minimum luminal diameter in
the spastic segment was 1-21 (SEM 0-09) mm
with a reduction in minimum diameter of 70
(5)% during the initial angiogram and
1-05 (0-09) mm [68 (5)% reduction] at follow
up; in group 2, the reduction in minimum lumi-
nal diameter was 1-04 (0-09) mm [69 (5)%
reduction] during the initial angiogram and 0-32
(0 07) mm [15 (3)% reduction] at follow up.

Table 2 Mean diameter of coronary artery segment and response to ergonovine during initial andfollow up angiograms in groups 1 and 2. Values are
means (SEM)

Initial angiogram Follow up angiogam

Baseline (mm) After ergonovine (mm) Reduction (0%o) Baseline (mm) After ergonovine (mm) Reduction (%)

Group 1
Spastic segment 2-14 (0-10) 1-56 (0-08) 27 (3) 2-00 (0-12) 1-48 (0-10) 26 (2)
Adjacent to spastic segment 2-28 (0-09) 1-90 (0-09) 17 (2) 2-21 (0-10) 1-93 (0-11) 17 (2)
Segment of non-spastic vessel 2-61 (0-07) 2-20 (0-07) 15 (1) 2-58 (0-08) 2-22 (0-08) 14 (1)
Group 2
Spasticsegment 2-07(0-12) 1-46(0-09) 29(3) 2-45(0-11) 2-09(0-08) 13(3)
Adjacent to spastic segment 2-22 (0-10) 1-84 (0-10) 16 (1) 2-49 (0-12) 2-11 (0-10) 14 (3)
Segment of non-spastic vessel 2-52 (0-07) 2-18 (0-07) 14 (1) 2-54 (0-06) 2-22 (0 06) 13 (1)

Adjacent to spastic segment, segments either proximal or distal to the spastic segment.
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Table 3 Mcan diameter of coronary artery segment anid response to isosorbide dinitrate durinlg initial and follow up angiogramns i7n groups 1 anid 2.
Values are flCO1as (SEAI)

1Iitial angiogrami Folloz uip aigiograni

After isosorbide After isosorbide
Baseline (nwin) dinitrate (nmmi) Dilatation (oo) Basels'ine- (mu1nm) dinitrate (nnn) Dilatationi (°o)

Gr-ou7p 1
Spastic segment 2 14 (0 10) 2 84 (0 14) 33 (4) 2.00 (0 12) 2 65 (0 13) 35 (4)
Adjacent to spastic segment 2 28 (0 09) 2 78 (0 10) 23 (2) 2 21 (0 10) 2 74 (0 12) 24 (2)
Segment of non-spastic vessel 2 61 (0 07) 3 02 (0-07) 16 (1) 2 58 (0 08) 2 98 (0 08) 16 (1)
Grolp 2
Spastic segment 2 07 (0 12) 2 80 (0-18) 35 (4) 2-45 (0 11) 2 81 (0 15) 15 (3)
Adjacent to spastic segment 2-22 (0 10) 2 73 (0 16) 23 (4) 2 49 (0 12) 2 83 (0-16) 14 (3)
Segment of non-spastic vessel 2-52 (0 07) 2 87 (0 08) 15 (1) 2 54 (0 06) 2 90 (0 07) 15 (1)

Adjacent to spastic segment, segments either proximal or distal to the spastic segment.

VASOMOTOR BEHAVIOUR OF THE
SEGMENTS AT lTHE INITFIAI AND FOLLOW
UP TESTS
Table 2 shows the average values of mean
luminal diameter of each spastic segment, of
the adjacent segments, and of segments of
non-spastic vessels at baseline and after
administration of ergonovine, and the per cent
vasoconstriction, in groups 1 and 2. Table
3 gives the average value of the mean luminal
diameter at baseline and after administra-
tion of isosorbide dinitrate, and the per cent
dilatation (basal coronary tone) in groups
1 and 2.

Figure I Group 1:
Vasomotor responses to
ergonovine (con1striction1)
and isosorbide dinitrate
(basal tone) in spastic
segmients (black bar),
adjacent segments (hatched
bar), and segmtienits i oln1071-
spastic vessels (white bar)
ofpatients in group 1 at
the initial andfollow up
anzgiogramiis.
Vasoconstriction anid basal
coronary ton1e in the three
segmenits zwere sim7lilar
betweeni the initial and
follow up tests. Error bar
indicates 1 SEM.

Initial test

50 r

c

a 40

'4- -4-
o a)

a) E 30
)Co
C .c

o C 20
c E
0-

10CD
0L

0

P < 0.05
-1

P < 0.01
r P< 0.011~

NS

P

Constriction

Initial test

50 r
C:
co
a) 40

'4.- 4-
Q a)
a) 30
' M
.

C 20
c

20

a),=
-

10a)
0L

0

P < 0.01
[--_

NS

Constriction

P <0.05_

P < 0.05

Basal tone

Basal tone

Group 1
Figure 1 shows the vasoconstriction and basal
coronary tone in group 1. Vasoconstriction of
the spastic segment was greater than that of
the adjacent segment or of segments in non-
spastic vessels during the initial and follow up
tests. Basal coronary tone in the spastic seg-
ments was also greater than in the adjacent
segments or in segments of non-spastic vessels
during the initial and follow up tests. No sig-
nificant difference between the initial and
follow up tests was found in either vasocon-
striction or basal tone in any of the spastic or
adjacent segments or the segments in non-

Follow up test

P < 0.05
1-

P < 0.05

Constriction

P < 0.01

Basal tone

Follow up test

NS NS

Constriction

NS NS
r

Basal tone

Figore 2 Group 2: Vasomotor responses to ergonovine (constriction) and isosorbide dinitrate (basal ton1e) in spastic
segmtienlts (black bar), adjacenit segmtienits (hatched bar), and segments in noni-spastic vessels (zuhite bar) ofpati'ents in?
group 2 at the initial and follow up angiogramtis. Vasoconstriction anzd basal coronary tonie i7n the spastic segments decreased
significantly from the initial to the follow up tests. Basal tone of the adjacenit segmizents also decreased from the initial to the
follow up test, while vasoconstriction of the adjacenit segmiients was unchanged (NS). Segments in non7-spastic vessels
shozwed sltimilar vasoconistrictioni anid basal coronary tone at both tests (NS). Error bar i7ndicates I SEM.
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Figure 3 Distribution curves of sensitivity and specificity of increased basal coronar
for the prediction of vasospasm in a coronary artery. At a 20% increase in basal coro
tone (thick vertical line), which is the nearest rounded number to the crossing point oj
two distribution curves, the sensitivity was 77% and the specificity 73%.

spastic vessels. Although vasoconstricti(
the adjacent segments was not signific
different from the vasoconstriction in
ments of non-spastic vessels, basal tone i
adjacent segment was greater than that o

ments in non-spastic vessels during bot
initial and follow up tests.

Group 2
Figure 2 shows the vasoconstriction and
coronary tone in group 2. During the i
test, vasoconstriction of the spastic segr
was greater than in the adjacent segments
segments in non-spastic vessels. Durin,
initial test, vasoconstriction was comparal
adjacent segment and non-spastic segn
while basal coronary tone in the spastic
ment was greater than in the adjacent
ments and in the segments of non-si
vessels. Furthermore, during the initial
basal tone in the adjacent segments
greater than in the segments of non-si
vessels. At follow up, no difference
observed in either vasoconstriction or
tone among previously spastic and adj
segments and segments in non-spastic ve
Both vasoconstriction and basal coronary
of the spastic segments decreased signific
from the initial to the follow up angiog
Basal tone of the adjacent segments
decreased significantly from the initial t
follow up angiograms. Vasoconstriction (

adjacent segment was similar during the
and follow up angiograms. We found n

ference in vasoconstriction and basal to
segments in non-spastic vessels betwee
initial and follow up angiograms

PREDICTIVE VALUE OF BASAL TONE FOR TI
PRESENCE OF VASOSPASM
Figure 3 shows distribution curves of the
tivity and specificity of basal coronary toi
the prediction of vasospasm in cor4

artery. The sensitivity and specificity wer
culated from all 48 spastic segments in s]
vessels and all 162 non-spastic segmer
non-spastic vessels in the initial and follc
angiograms of group 1 and the initial a
gram of group 2. At 20% increase in

tone, which is the nearest rounded number to
the crossing point of two distribution curves,
the sensitivity was 77% and specificity 73%.

Discussion
The specific findings of this study are as fol-
lows: (1) neither basal coronary tone nor vaso-
constriction changed over time in patients
with persistent variant angina, while in
patients in whom symptoms of variant angina
resolved, both vasoconstriction and basal
coronary tone of previously spastic segments

100% were restored to normal; (2) vasoconstriction
in adjacent segments and segments in non-
spastic vessels was equivalent both in patients

y tone with active disease and in patients with inac-
nary tive disease; (3) in patients with active disease,f the basal tone in spastic segments was greater than

in adjacent segments or segments in non-spas-
tic vessels; (4) adjacent segments only showed

on in increased basal coronary tone compared to
-antly segments in non-spastic vessels during the
seg- period of disease activity.

in the
,f seg- DISCORDANT FINDINGS OF PREVIOUS STUDIES
h the Previous studies have provided conflicting evi-

dence on whether basal coronary tone is
increased in spastic segments. 17-22 Hill et al
reported that basal coronary tone in the spastic

basal site, estimated after the administration of 0 4
initial mg of sublingual glyceryl trinitrate, was greater
nents than in non-spastic sites in 17 patients with
or in variant angina.'7 Hoshino et al reported that
g the coronary artery tone assessed after the admin-
ble in istration of 5 mg intraaortic isosorbide dini-
nents, trate was greater in the entire coronary tree in
seg- 30 patients with variant angina than in 35
seg- patients without coronary spasm.'9 Hackett et

pastic al, however, found that basal coronary tone,
test, analysed after the administration of 2 mg
was intracoronary isosorbide dinitrate, was not dif-

pastic ferent at spastic sites than at non-spastic sites
was in six patients with variant angina.'8 Kaski et al

basal also found that basal coronary tone of seg-
jacent ments in non-spastic vessels, estimated after
!ssels. the administration of 1 to 2 mg intracoronary
{ tone isosorbide dinitrate, was not different between
cantly 13 patients with variant angina and 41 patients
;rams. without coronary spasm.2' Kuga et al found
also that basal coronary tone was increased in 15

:o the patients with variant angina but not in five
of the others after the administration of 0-26 mg
initial intravenous glyceryl trinitrate."
o dif- The conflicting results of previous studies
one of may relate to differences in patient selection
n the and the methods employed, including (1) use

of nitrates, (2) selection of angiographic seg-
ments, and (3) disease activity:

4E
Use of nitrates

sensi- Although in all previous studies basal coronary
ne for tone was determined by the magnitude of
onary vasodilator response to organic nitrates, there
e cal- are differences in the dose and route of admin-
pastic istration of nitrates (intracoronary or sublin-
ats in gual) in previous studies. In 1982, Lablanche
)w up et al found that maximum vasodilatation was
mngio- achieved in patients with variant angina by 3
basal mg of intracoronary isosorbide dinitrate."'8
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However, we have found that further vasodi-
latation may be achieved in some patients by
doubling the dose of isosorbide dinitrate from
2-5 mg to 5 0 mg. With the aim of achieving
maximal vasodilatation in all our study popu-
lation we estimated coronary artery diameter
after the intracoronary administration of 5 mg
isosorbide dinitrate. While Feldman et al 36
reported that 0 4 mg of sublingual glyceryl
trinitrate evoked maximum coronary vasodi-
latation, Jost et al37 recently found that 08 mg
was necessary to achieve maximum vasodilata-
tion. Varying dosages and routes of adminis-
tration of isosorbide dinitrate or glyceryl
trinitrate as detailed above may have con-

tributed to the different degree of vasomotor
reposes observed in previous studies.

Selection of angiographic segments
The degree of vasodilatation following the
administration of nitrates will not necessarily
be identical at all points within a coronary seg-
ment (as evidenced by the difference in our

results between changes at the spastic point
and changes in the entire AHA segment with
spasm). In some studies the vasomotor
responses were measured at specific points of
bifurcation,'9 while we feel that change in the
mean luminal diameter of each entire AHA
coronary segment is of greater relevance for
the assessment of coronary tone. Such differ-
ences in the selection of quantitative angio-
graphic sites may add to the discrepancies of
the results of previous studies.

Disease activity
The results of our study indicate that basal
coronary tone changes in relation to changes
in activity of vasospastic disease. Kuga et al22
recently reported that basal coronary artery
tone was increased at the spastic site when
spasm was provoked by a low dose of
ergonovine, whereas basal tone was not
increased at those spastic sites that required a

higher dose of ergonovine to induce spasm.

Previtali et aP6 indicated that a low dose of
ergonovine was required in patients with a

high degree of vasospastic angina, while in
patients with low level of disease activity a high
dose of ergonovine was necessary to provoke
spasm. Thus the inverse relation between the
dose of ergonovine required to provoke spasm

and the degree of basal coronary tone may

indirectly support our findings. Given the
close relation between disease activity and
vasomotor response, it is conceivable that dif-
ferences in the state of disease activity in the
patients of previous studies may have con-

tributed to the discrepancies of their results.

PATHOPHYSIOLOGICAL ROLE OF BASAL
CORONARY TONE IN VASOSPASM
Experimental studies have indicated that vari-
ous endothelium dependent vasoactive factors
which modulate vascular smooth muscle con-

traction may play an important role.""12
Waters et al38 and Kaski et al39 have shown
that coronary spasm may be induced by sev-

eral stimuli such as ergonovine, histamine,
hyperventilation, and exercise in the same

patient with variant angina and have suggested
that vasospasm is caused by a variety of non-
specific stimuli. Basal coronary artery tone is
thought to be mediated by a balance of various
stimuli such as the parasympathetic nervous
system, humoral factors, and local endothe-
lium dependent vasoactive factors.Y4'6 Given
the above similarities in mediation of coronary
spasm and mediation of coronary tone, the
demonstration of a close relation between
coronary vasospastic disease and basal coro-
nary vessel tone is not surprising. It could be
hypothesised that basal coronary tone may
express a "threshold" for vasospastic activity.
Increased tone not in only spastic segments
but also in adjacent segments may reflect a low
"threshold" for vasospasm during high activity
of the disease

CONCLUSIONS
Coronary artery tone may change in propor-
tion to the activity of vasospastic disease over
time. While vasoconstrictor response to
ergonovine is increased in spastic segments
only, basal tone of both spastic and adjacent
segments is augmented during periods of
active disease and is restored to normal during
disease inactivity. The high diagnostic sensitiv-
ity and specificity of basal tone for prediction
of spasm in coronary arteries indicates that the
estimation of basal coronary tone may be useful
in the assessment of vasospastic activity in
patients with variant angina.
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